A quantitative approach for managing construction pollution control that is based on construction resource leveling is presented. The parameters of construction pollution index (CPI), hazard magnitude ( i h ) are treated as a pseudo resource and integrated with a project's construction schedule. When the level of pollution for site operations exceeds the permissible limit identified by a regulatory body, a Genetic Algorithm (GA) enhanced leveling technique is used to re-schedule project activities so that the level of pollution can be re-distributed and thus reduced. The GA enhanced resource leveling technique is demonstrated using 20 on-site construction activities in a project. Experimental results indicate that proposed GA enhanced resource leveling method performs better than the traditional resource leveling method used in MS Project©. The proposed method is an effective tool that can be used by project managers to reduce the level of pollution at a particular period of time; when other control methods fail.
INTRODUCTION
Pollution and hazards generated from construction sites include noise, solid and liquid wastes, dust, and harmful gases. All these pollutents have received much attention in the industry over the past 30 years. For examples, a study on noise pollution (U.S. EPA, 1971 ), a study on air pollution (Jones, 1973) and studies on solid waste pollution (Skoyles and Hussey 1974; Spivey, 1974 ) from construction sites were conducted in early 1970s. From then on, the concept of environmental management in construction was conducted (Spivey, 1974; and Henningson, 1978) , and developed (Uren and Griffiths, 2000) in order to control pollution on sites. The pollution and hazards generated from construction sites normally relate to construction methods, materials and management that are described in Table 1 (Chen, et al. 2000) . In many cases, especially if the construction sites are in the densely polluted areas, the level of pollution emission can not exceed a limit specified. For example, the Noise Pollution Protection Act in China (NPPA 1989) specifies that the level of noise cannot exceed 75 dB (A), which is equivalent to the noise level that a car alone produces (European Council, 2001) , above which site operations will be stopped by legal actions. In a construction site, the level of pollution emission from individual operations, such as noise from excavating, hoisting, or installations, etc. (Gill, 1980) , may not exceed the legal limits specified under the regulations however the aggregated level of pollution from multiple sources may exceed the limit. To prevent this and ensure that the level of pollution emission will not exceed the legal limits during the duration of a construction project, this paper describes a two-step quantitative method tested in China that can be used to control construction pollution. First, the method can predict the distribution of pollution emission levels throughout a project's duration. Second, if it detects that the level of pollution exceeds the limit at a certain point of time, then on site activities are re-scheduled so that the level of pollution can be redistributed.
CONSTRUCTION POLLUTION MEASUREMENT
A method for quantifying construction pollution, known as the Construction Pollution Index (CPI) has been proposed by Chen et al. (2000) and has been used in this paper. The CPI is shown in is calculated to be 0.5. In Figure 2 , the y-axis represents the accumulated i h value and the x-axis the project duration. Therefore, the actual levels of pollution may be slightly lower. We are currently examining the effect of nonlinearity and aiming to develop a revised method to accumulate i h values so that accurate histograms can be produced.
From Figure 2 , it can be seen that during the period Dec. 1996 to Feb. 1997 of the project duration, the level of i h values will exceed its maximum value, indicating that during this period, the accumulated level of pollution will exceed the limit. Therefore, it is necessary to re-arrange the project schedule so that the excessive level of pollution can be reduced to a level below the limit.
COMBINING CPI WITH RESOUCE LEVELING USING GA
This section presents a method to combine the pollution control with resource leveling at project scheduling stage which is important because it is a simple and practical treatment for forecasting and controlling daily construction pollution level not only with construction pollution itself but also with all other factors (e.g. time and resource) involved in a schedule.
. i h values are treated as a pseudo resource, and the maximum i h value as the limit of the "resource". This "resource" together with other types of resources can be leveled by using the traditional project resource leveling methods (Pilcher, 1992) .
To integrate various heuristic methods into the resource leveling, the methods used by Harris (1978) and Hegazy (1999) , which minimize both daily fluctuations in resource use and the resource utilization period, have been adapted. According to Hegazy (1999) , the moment of fluctuations in daily resource use can be calculated as follows:
and the moment for measuring the resource utilization period is calculated as:
The above two moment calculations can be used in either reducing resource fluctuations, or minimizing the duration of resource use, or minimizing both resource fluctuations and duration's.
However, concurrent optimization of resource leveling and pollution control is a nonlinear searching problem that is suitable for using the Genetic Algorithm (GA) to solve.
Gene Formation
In a number of commercial resource leveling software packages, the user is allowed to set priority levels to tasks. Priority is an indication of a task's importance and availability for leveling (that is, resolving resource conflicts or over allocations by delaying or splitting certain tasks). The task priority setting controls leveling, which allows users to control the order in which software systems, such as MS Project©, delay tasks with over allocated resources. Tasks with the lowest priority are delayed or split first, and tasks with a higher priority are not leveled before other tasks sharing the over allocated resources. Thus, to apply the GA system to solve the multiple resources leveling problem, it is essential to have a gene structure that facilitates the operations of GA. Bearing this in mind, the following gene format used by Hegazy (1999) ... (3) In Figure 3 , a string has j genes, and each box represents a gene. The number inside the box is the priority setting for a particular task labeled by the number above the box. A string is a particular combination of priority settings that determines a specific schedule. The fitness of the string is evaluated by the following set (Hegazy 1999 ),
M is the moment of fluctuations of daily resource use as defined in (2) ω is the weight in leveling every resource in day j, i is the generation number of genes, j is the representative day during a project's total working-day, and n is the working-day number of a project's duration.
By selecting different weights, the fitness function (4) enables the user to conduct different heuristics based resource leveling including reducing resource fluctuations, or minimizing the duration of resource use, or minimizing both resource fluctuations and durations.
EXPERIMENTAL RESULTS
This section presents experimental results from using GA to combine pollution control and resource allocation into the task of resource leveling. The project used in the experiment is a site in Shanghai in which there are 20 activities, and initial schedule of the activities and their associated levels of pollution emission ( i h value) are shown in Figure 1 . From the histogram of i h value, which is illustrated in Figure 2 , it can be detected that the accumulated level of pollution emission exceeds the permissible limit.
In this project, there are six kinds of construction resources, which represent workers, materials, machines, instruments, and power denoted as R1, R2, R3, R4, and R5. Pollution is treated as a ... (4) pseudo resource and is denoted as R6. The resources are listed in Table 3 . For the purposes of convenience in calculation and due to the demonstrative nature of this paper, the values of the resources are adjusted so that there will be no very large or small figures. In the experiment, the initial population size is set at 100. Also, to minimize both resource fluctuations and period, the weightings in (4) Comparing the GA leveled schedule with the MS Project© leveled schedule, it can be seen that the priorities of resource use in the GA leveled schedule are set at different values; whereas priorities in the MS Project© leveled schedule are all set at the 'lowest'. In addition, the duration of the GA leveled schedule is 298 days, which is shorter than the duration of the schedule leveled by the MS Project© (302 days). From the experiment, we can conclude that the GA system can adjust the task priorities that lead to the re-distribution of resources that meets the resources constraints. The GA system enhances the leveling function of MS Project©, as it enable the user to identify the optimal settings of task priorities in resource leveling.
DISCUSSIONS AND CONCLUSIONS
A quantitative approach to construction pollution management by introducing parameters of construction pollution index (CPI) and hazard magnitude i h has been proposed. Using these parameters, a method to predict the distribution of accumulated pollution level generated from construction operations is presented. It is suggested that if the pollution level exceeds the allowable limit, then construction activities need to be re-scheduled to 'spread' the pollution emissions. In doing so, pollution emission is treated as a pseudo resource, and then applied to a GA based leveling technique to re-schedule the project activities. The GA system allows the user to concurrently minimize fluctuations and period of resource use by assigning different priorities to project activities. Experimental results indicate that GA enhanced resource leveling performs better than the traditional resource leveling method used in the MS Project©. The authors suggest that the proposed method for controlling construction pollution is an effective tool that can be used by project managers to reduce the level of pollution generated from a project at a certain period of time. This method is useful when there is no other ways to reduce the level of pollution. However, it is necessary to point out that the method proposed here can only redistribute the amount of pollution over a project duration so that at any specific period of time, the level of pollution will not exceed the legal limit. In order to reduce the overall amount of pollution, other methods, such as alternative construction technologies, new materials, have to be applied.
